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Abstract. The reaction K + Xe— >K°pX is investigated in a meson-exchange model including rescattering 
of the secondary protons with the aim to analyze the evidence for the 6> + (1540) resonance reported by 
the DIANA collaboration. We confirm that the kinematical cuts introduced by the DIANA collaboration 
efficiently suppress the background to the K + n — > K°p reaction which may contribute to the 6> + (1540) 
production. We find that these kinematical cuts do not produce a narrow structure in the K°p effective mass 
spectra near 1540 MeV. We study the effect of a narrow + resonance of both positive and negative parity in 
comparison with the DIANA data. We show that the K + Xe— >K°pX calculations without + contribution 
as well as the results obtained with a + width of 1 MeV are in comparably good agreement with the 
DIANA results. More dedicated experiments are called for to establish this exotic baryon resonance. 

PACS. 11.80.-m - 13.60.Le - 13.75.Jz - 14.65. Dw - 25.80.Nv 



1 Introduction 

The evidence for a narrow 5=+l baryon resonance in pho- 
toproduction from the neutron reported in Ref. and the 
subsequent observation of such a structure in the invariant 
mass spectrum of the kaon-nucleon (KN) system in other 
reactions led to a wealth of theoretical investigations deal- 
ing with this topic. By now the production of this exotic 
baryon state, called (9 + (1540), in basically every elemen- 
tary photo-, kaon- or nucleon induced process has been 
worked out in detail assuming positive as well as negative 
parity for the <9 + state. It is interesting, however, that so 
far - to the best of our knowledge - there is not a single cal- 
culation that tries to provide a theoretical description of 
any of those experiments where the + baryon resonance 
was actually detected. Certainly, one has to concede that 
in several of the works where evidence for the (9 + was 
claimed, cuts are applied which are not described in very 
detail and therefore a direct and quantitative comparison 
of any model calculation with those data would be diffi- 
cult if not impossible. Luckily, there are also exceptions 
and one of them is the result of the DIANA collaboration 
|2] , where the + resonance was observed in K + collisions 
with Xe nuclei. 

In this paper we present a detailed and microscopic 
calculation of the K°p effective mass spectrum for the 
charge-exchange reaction K + Xe— >K°pX. We aim at a 
quantitative analysis of the mass spectrum that was pub- 
lished by the DIANA collaboration The mam ingre- 
dient of our calculation is an elementary KN scattering 
amplitude that is taken from the meson-exchange model 
developed by the Jiilich group The role and signif- 



icance of the <9 + (1540) for a quantitative description of 
the DIANA data is investigated by employing variants of 
the Jiilich KN model where a & + resonance with different 
widths was included consistently 5,6. Since the parity of 
the + resonance is not yet known we consider here the 
cases of positive as well as negative parity. We assume this 
exotic resonance to have spin 1/2 throughout. 

The paper is structured in the following way. In the 
subsequent section we provide a short description of the 
KN interaction model of the Jiilich group. We also explain 
how the + resonance is implemented into the model. 
Furthermore we point to the importance of unitarity and 
emphasize the interplay between the background phase, 
provided by the non-pole part of the interaction, and the 
resonance structure. This feature plays a decisive role in 
our analysis of the DIANA data. In section 3 first we de- 
scribe how the calculations of the K°p effective mass spec- 
trum for the charge-exchange reaction K + Xe-^K°pX are 
performed. Then we present a detailed quantitative com- 
parison of our model calculation with the data of the DI- 
ANA collaboration, considering their results before cuts 
were applied as well as those with cuts. The paper ends 
with a short summary. 



2 The kaon-nucleon amplitude 

We use the Jiilich meson-exchange model for the KN in- 
teraction. A detailed description of this model is given in 
Rcfs. [30]. It was constructed along the lines of the full 
Bonn NN model [7] and its extension to the hyperon- 
nucleon YN system 0. Specifically, this means that one 
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has used the same scheme as a time-ordered perturbation 
theory and the same type of processes. Moreover, most 
of the vertex parameters (coupling constants and cut-off 
masses of the vertex form-factors) appearing in the dia- 
grams that contribute to the interaction potential V have 
been fixed already by the study of other reactions. 

Once the KN interaction potential V is derived, the 
corresponding reaction amplitude T is then obtained by 
solving a Lippmann-Schwinger equation defined by time- 
ordered perturbation theory, 

T = V + VG Q T , (1) 

where Go is the free propagator. Taking the solution of 
such a scattering equation implies that the resulting reac- 
tion amplitude T automatically fulfils the requirements of 
(two-body) unitarity. In the present investigation we use 
the KN model (I) described in Ref. [J. Results for phase 
shifts and also for differential cross sections and polariza- 
tions can be found in Ref. 4 . Evidently this model yields 
a good overall reproduction of all presently available em- 
pirical information on KN scattering. Specifically, it de- 
scribes the data up to kaon laboratory momenta of 
GeV/c, i.e. well beyond the region of the observed + 
resonance structure which corresponds to the momentum 
p K ~M0 MeV/c. 

The + resonance is included in the model by adding 
a pole diagram to the other diagrams that contribute 
to V with a bare mass Mg+ and a bare coupling con- 
stant (Jkn0+ When this interaction is then iterated in 
the Lippmann-Schwinger equation the KN0 + vertex gets 
dressed by the non-pole part of the interaction and the + 
acquires a width and also its physical mass via self-energy 
loops. Note that the bare mass and bare coupling constant 
are free parameters that are adjusted to obtain the desired 
physical mass and width of the + resonance which are 
M + = 154O MeV and r +=l, 5, and 10 MeV. 

Depending on the parity of the + the resonance will 
contribute to different partial waves of the KN interac- 
tion. If the + is a J p =^ + state, as predicted by e.g. the 
chiral quark-soliton model, then it couples to the Pqi chan- 
nel (we use the standard spectroscopic notation Ljij)- If 
has the opposite parity it will occur in the Sqi partial 
wave. These two phases exhibit quite different character- 
istics as can be seen in Fig.^ The Sqi phase shift is small 
and basically repulsive. In fact Ss 01 is practically zero up 
to the momentum of px =440 MeV/c corresponding to the 
+ resonance mass, cf. Fig. |2 In contrast the Pqi phase 
shift is large and attractive. As a consequence, the total 
KN cross section for isospin 1=0 is dominated by the Pqi 
partial wave while the contribution of the Sqi partial wave 
is roughly given by the result on the very left side of Fig.El 

Adding a resonance in these two partial waves gener- 
ates again quite different characteristics. In the Sqi partial 
wave we obtain basically a Breit-Wigner type structure 
because the non-resonant background is rather small. In 
the Pqi partial wave, on the other hand, there is an inter- 
ference of the background phase with the added resonance 
structure. In particular, the phase will not only rise be- 
yond 90° (because of the resonance) but even beyond 180° 
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Fig. 1. The Soi and Poi phase shifts for KN scattering as 
a function of the kaon momentum. The solid lines show the 
calculations without + contribution. The short-dashed line is 
our calculation with _T e + = l MeV, the long-dashed line corre- 
sponds to r & +=5 MeV and the dash-dotted line to r e + = 10 
MeV. Note that the phases for the resonance cases are shown 
modulo it. 



(because of the large background). For momenta around 
the region where the phase shift passes through 180° there 
will be practically no contribution of this partial wave to 
the total cross section because crp 01 oc sin 2 (<5p 01 ). As a con- 
sequence, a resonance in the Pqi partial wave causes a 
rather striking bump-dip structure in the KN 7=0 cross 
section, cf. Fig. EI 

Fig. El shows the cross section for the charge- exchange 
reaction K + p—>K°p as a function of the kaon momen- 
tum. This is the elementary process that is needed for 
analyzing the reaction K + Xe—>K°pX measured by the 
DIANA collaboration. Obviously, here the characteristic 
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Fig. 2. The KN reaction cross section for the 1=0 channel 
as a function of the kaon momentum. Results are shown for 
negative (top) and positive (bottom) parity of the + reso- 
nance. The various curves correspond to different <9 + widths, 
r e+ = l MeV (short dashed), 5 MeV (long dashed), and 10 MeV 
(dash-dotted), while the solid line is the prediction without a 
<9 + contribution. Data are taken from Refs. .9 (filled circles), 
[TU) (squares), 11 (open circles), and ^5] (crosses). 



differences between the Sq\ and Poi resonances have ba- 
sically disappeared. Since the charge- exchange amplitude 
is given by the difference of the isospin 1=1 and 7=0 am- 
plitudes we now get an interference of the (larger) Sn 
partial wave with the resonant Sqi partial wave and that 
leads to a similar bump-dip structure in the cross section 
as produced by the interference of the resonance with the 
background in the Pqi case. Still one can see that for the 



negative parity case the dip after the resonance energy is 
somewhat less pronounced, cf. the two cases in Fig. [3] 

This behaviour of the elementary KN and K + p—>K°p 
cross sections should be also reflected in all of those re- 
actions where the <9 + was observed because there again 
the complete KN amplitude enters. In the next section 
we examine in detail the influence of these characteristic 
features induced by the presence of a + resonance on 
the K°p mass spectrum for the reaction K + Xe — » K°pX 
measured by the DIANA collaboration. 

We would like to mention that there are no data on 
the elementary K + n^K°p process. However, the charge- 
exchange channel has been measured on a deuteron target, 
i.e. in the reaction K + d^K a pp. In Ref. (Hj we have inves- 
tigated this reaction employing the Julich KN model (I), 
that is used also in the present work, and we have found 
that the model predictions are in very good agreement 
with corresponding data. 



3 The iY+Xe->K°pX model. 

There are some special details of the DIANA experiment 
that substantially constrain our model calculations. The 
incident K + mesons have no fixed momentum but are 
distributed between (roughly) 300 and 550 MeV/c as is 
shown by Fig. 0] Because of the reaction kinematics kaons 
with that spectrum would produce a K°p mass distribu- 
tion, which is obviously enhanced at large masses. In ad- 
dition the free K + n^K°p reaction cross section increases 
by a factor 2.5 within the range 300<p#-_550 MeV/c, as 
is illustrated in Fig. |3| Therefore, it is natural to expect 
that the observed K°p mass spectrum should be shifted 
towards the maximal available K°p mass. 

The measured K°p mass spectrum shows an absolutely 
different shape as is indicated by Fig. 03 Prior to kinemat- 
ical cuts the DIANA data show an enhancement at low 
K°p masses. This can be understood in terms of nuclear 
effects. As will be shown later the enhancement for low 
masses comes from the nuclear rescattering of the final 
protons or K° mesons. Through the rescattering in the 
nucleus the particle transfers part of its initial momentum 
to the target nucleon by an elastic or inelastic scattering. 
Therefore one should model not only the K + n^K°p re- 
action in Xe, but also the rescattering of the proton and 
the kaon. 

It is clear that the reaction K + N^>K + N with N be- 
ing either a bound proton or neutron can also contribute. 
Then the final K + might interact with a neutron to be 
converted to a K°. However, the kaon mean free path of 
\k—5 fin is quite large and thus the probability of kaon 
rescattering in the final nucleus is smaller as compared to 
the rescattering of the final proton which has A p ~1.5 fm. 
Here we do not consider the final state interaction of the 
kaon. 

Another feature of the DIANA experiment is the avail- 
ability of the measured K°p mass spectrum prior and after 
the kinematical cuts. These cuts were used for attenuation 
of the background from nuclear rescattering. In our cal- 
culations we are comparing to the data with and without 
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Fig. 3. The K + n—>K°p reaction cross section as a function of 
the kaon momentum. For notation, see Fig. |5] 



kincmatical cuts in order to control the contribution from 
the direct K + n^K°p reaction in the Xe nucleus and the 
rescattering processes. 

We evaluate the differential K + n—>K°p cross section 
on a bound neutron from 



d 3 a 
dpdfi 



=J$(pK)dp K Jp(E q ,q)\TKN(sKN,n)\ 2 dE q d 3 q, (2) 



where <P(pk) is the K + -meson spectrum shown in Fig. 0] 
and Tjcn is the amplitude for the reaction K + n~>K°p, 
which depends on the K°-meson production angle fi and 
the squared invariant energy of the incident kaon and tar- 



get neutron given by 

SKN = (Ek 



E q f 



(3) 



Note that to evaluate Eq. we utilize the on-shell am- 
plitude, which should be a reasonable approximation at 
low kaon momenta. 

The nuclear spectral function P(E q , q) defines the joint 
probability to find in a nucleus a nucleon with momentum 
q and total energy E q . It is clear that the relation between 
q and E q in nuclei is not given by the free dispersion rela- 
tion. Within the Thomas-Fermi approximation the spec- 
tral function is given as 



P(E q ,q) 



A 3 / 2 



0(q f 



xS[ E. 



^q 2 + m 2 N - U(q 7 p)^j, 



(4) 



where qF is the Fermi momentum, tjin is the free nucleon 
mass and the nuclear potential U depends on the nucleon 
momentum q and on the density p as |1HU14| 



U(q,p)=A 1 ^+B 1 
Po 

q 2 F + A\- q 2 



2q F 



— 2 arctan 



2qAi 



P_ 
x In 



2-kCxAx 
Po 

(q + q F ) 2 + A 2 

(q - qF) 2 + A 2 
q-qF 



Ai 



~ arctan 



A x 



(5) 



where ^^-HO.44 MeV, #1=140.9 MeV, C x =-64.95 MeV 
and Ax — l.b8qF- Furthermore, for the calculations with 
the uncorrelated part of the momentum distribution for 
the finite nuclei we use qp— 220 MeV/c |15II16| . 
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Fig. 4. The momentum spectrum of the incident K + mesons. 
The circles show experimental results, while the histogramm is 
our simulation. 
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Fig. 5. The K°p invariant mass spectrum from the K + Xe re- 
action. The circles show experimental results from the DIANA 
collaboration [2] without (top) and with kinematical cuts (bot- 
tom). The histograms are our results without the inclusion of 
a G + resonance, with and without experimental cuts. Hatched 
histograms show the spectrum from direct K + n^K°p produc- 
tion on a bound target neutron, for the dashed curve an addi- 
tional single rescattering of the proton was taken into account, 
while the solid curve is their sum. 



We neglect the high momentum or correlated part of 
the spectral function, which contributes to subthreshold 
particle production 17, 18 , but does not affect the results 
of the present study. Indeed the maximum of the spectral 
function for high momenta, which is attributed to short- 
range and tensor correlations, corresponds to a total en- 



E a 



rriN — 2e 



(G) 



2m n ' 

with e~7 MeV. By inserting this energy E q into Eq. Q 
one may show that the high momentum component of the 
spectral function would not distort noticeably the K°p 
invariant mass spectrum. 

Note that for the total nuclear momentum distribution 
the Fermi momentum for 131 Xe nucleus is ^~265 MeV/c 
and the corresponding average nucleon separation energy 
is roughly -42 MeV which is substantially beyond 
the applicability of the Thomas-Fermi approximation. In 
order to include into the calculations the high-momentum 
tail of the nuclear momentum distribution one needs to 
use a realistic spectral function or to explore the dispersion 
relation given by Eq. 10. 

However, as was shown in Ref. [18j calculations within 
the local Thomas-Fermi approximation are in reasonable 
agreement with the results obtained with realistic spectral 
functions evaluated within the orthogonal correlated basis 
approach |19U2(J | unless the calculations are performed for 
the production of particles at energies substantially below 
the threshold in free space. 

Fig. [5] shows that the calculations based on Eq. @ 
substantially underestimate the data at low masses. This 
discrepancy can be attributed to the rescattering of the 
protons after the K + n^>K°p reaction in nuclear medium. 

The elastic pN^pN cross section on a bound nucleon 
is evaluated by 

d 3 a 



dpdQ 



@(p p )dp p Jp(E q ,q)\T NN (s pN , Q) 



2 dE q d 3 q, (7) 



where ^(j> P ) is the proton spectrum from the reaction 
K + n^K°p given by Eq. @ and Tnn is the nucleon- 
nucleon scattering amplitude. The squared invariant en- 
ergy of the pN interaction is defined analogous to Eq. ■ 
The dashed histograms in Fig. [S] show the K°p invari- 
ant mass spectrum calculated with taking into account the 
rescattering of the proton after the direct K + n^K°p re- 
action. This spectrum reproduces the experimental results 
at low masses of the K°p system rather well. The sum of 
the direct and rescattering processes is shown by the solid 
histograms in Fig. [5] and is evidently in quite good agree- 
ment with the DIANA data Q]- It is important that our 
calculations describe the data before and after the kine- 
matical cuts performed in Ref. The intention of those 
experimental cuts was to reduce the background from the 
rescattering of the final particles in the nuclear medium 
and our calculations explicitely confirm that this goal is 
indeed achieved by these cuts. Furthermore, our results 
illustrate that the enhancement at the K°p effective mass 
of around 1539 MeV is not produced by the kinematical 
cuts. 



4 Discussion of the + contribution 

The next step is to scrutinize whether the enhancement 
at the K°p mass of around M(K°p) =1539±2 MeV is in- 
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Fig. 6. The same as in Fig-Ejbut with the inclusion of a + resonance with positive parity and a width of 1 MeV (top), 5 MeV 
(middle) and 10 MeV (bottom). The results are shown without and with kinematical cuts. 
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deed caused by the (9 + resonance contribution, which in 
our calculations enters via the K + n^K°p amplitude. For 
that we evaluate the K°p invariant mass spectra for the 
reaction K + Xe-^K°pX employing different widths of the 
<9 + resonance and considering positive as well as negative 
parity for the <9 + . We always compare our results with 
the experimental information without and with kinemati- 
cal cuts. In these calculations we use the same normaliza- 
tion to the data as adopted earlier in the considerations 
without the (9 + contribution. 

Fig. H3 shows the results for the + resonance with 
positive parity and for a width of 1 MeV (top), 5 MeV 
(middle), and 10 MeV (bottom), in order. The contri- 
bution from the direct K + n^K°p process is shown by 
the hatched histogram. It clearly reflects the particular 
bump-dip structure of the elementary K N amplitude that 
we discussed in the section II. Following the experimental 
analysis we use a binning of 5 MeV for the K°p mass spec- 
trum, i.e. the result of the calculation is integrated over 
an interval of 5 MeV. 

Evidently, the model results for a width of 1 MeV - 
without and with kinematical cuts - are in rather good 
agreement with the experimental data. In the calculations 
for a + width of 5 MeV (middle section of Fig. 0) the 
structure from the & + resonance contribution becomes 
more pronounced and the enhancement at 1539 MeV is de- 
scribed substantially better. However, the theoretical pre- 
diction misses the experimental points for invariant masses 
slightly larger than M(K°p)=1539 MeV, due to the par- 
ticular structure of the K + n^K°p amplitude mentioned 
before. With regard to the data after the the kinematical 
cuts are in strong disagreement with the experiment. With 
regard to the data after the kinematical cuts the inclusion 
of a + resonance with r e + = 5 MeV leads to a large 
shoulder at invariant masses just below the resonance en- 
ergy which is not present in the experiment. 

The bottom section of Fig. presents our results ob- 
tained for a + resonance width of 10 MeV. Now the dis- 
agreement between our calculations and the DIANA ex- 
periment is significantly stronger. For example, after the 
kinematical cuts the enhancement due to the & + contri- 
bution overestimates the measured signal by a factor of 
about 1.6. Moreover, the predictions at low masses, i.e. 
below 1539 MeV, significantly overestimate the measure- 
ments. Clearly the DIANA data do not support such a 
large width of the <9 + resonance. Note that the width of 
10 MeV corresponds roughly to the upper limit for the 
0+ width of 9 MeV that was claimed by the DIANA col- 
laboration 0. 

Results for the + assuming negative parity and again 
for widths of 1 MeV, 5 MeV, and 10 MeV are presented in 
Fig. Qualitatively the description of the DIANA data 
is very similar to the case of positive parity. Specifically, 
there is no obvious evidence that the data favour a par- 
ticular parity of the + . On a quantitative level one can 
see that the negative parity case leads to a slightly more 
pronounced shoulder for invariant masses M(K°p) below 
the resonance energy, and that means to a stronger dis- 
agreement with the data, whereas there is an improvement 



for invariant masses larger than the resonance energy be- 
cause the dip structure, which is not seen in the data, is 
now softened. 

In order to enable an easy quantitative comparison of 
the various scenarios considered we provide here also the 
corresponding x 2 values per data point, cf. Table 1. Ev- 
idently, the calculation based on the original KN model 
of the Julich group, without a + resonance, provides an 
excellent description of the DIANA data before the kine- 
matical cuts leading to a x 2 /dof of 1.2. The x 2 deteriorates 
significantly for the data where kinematical cuts were ap- 
plied. A closer inspection reveals that this deterioration 
is mainly due to a depletion of the experimental invari- 
ant mass spectrum for large M(K°p) after the cuts are 
applied. We do not have a ready explanation for this be- 
cause, given the nature (and the intention) of the cuts, we 
would expect only a reduction for low values of M(K°p) 
- as it is the case in our model calculation. 

Table 1. x^/doi evaluated by comparing our calculations for 
different parity ir(0 + ) and for different + widths r e + with 
the experimental information on the K°p effective mass spec- 
trum for the reaction K + Xe^K°pX from the DIANA collab- 
oration [2). Considered are the data before the kinematical cuts 
(44 experimental points) as well as those where cuts were ap- 
plied (39 points). The first line is the result without inclusion 
of a + resonance. 
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Adding a (9 + resonance causes an increase rather than 
a decrease in the x 2 value for all considered scenarios, cf. 
Table 1. This increase is clearly marginal for a + with 
a width of 1 MeV, but one would have certainly expected 
an improvement in the x 2 once the structure seen in the 
DIANA data can be reproduced. However, looking at the 
DIANA results one can understand what happens. Be- 
sides the narrow structure associated with the + the data 
show a fall-off just left of it. The fall-off is very pronounced 
prior to the cuts but still visible even after the kinematical 
cuts were applied, cf. Fig. That feature is well repro- 
duced in the model calculation without a <9 + . Adding the 
+ generates the resonance structure and brings the re- 
sults closer to the corresponding data point. But at the 
same time the dip is filled up and a broad shoulder devel- 
opes, as can be seen in Fig. [51 and therefore the agreement 
with the data worses in this range of the K°p effective 
mass. This feature is unavoidable in a microscropic calcu- 
lation like ours because the background part of the KN 
amplitude is strongly constrained by the KN data and 
an added resonance structure can only interfere in a par- 
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Fig. 7. The same as in Fig.[^]but with the inclusion of a <9 + resonance with negative parity and a width of 1 MeV (top), 5 MeV 
(middle) and 10 MeV (bottom). The results are shown without and with kinematical cuts. 
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ticular way with the background as discussed in Section 
II. Since the signal of the actual resonance is strongly re- 
duced as compared to the elementary KN cross section 
(cf. Fig. specifically for a narrow width, because the 
calculated results are averaged over bins of 5 MeV - as is 
done in the experiment - it is practically impossible to re- 
produce the narrow resonance structure and the close-by 
narrow dip at the same time. This is the reason why the \ 2 
does not improve even if a narrow resonance is considered. 

For larger widths the dip that develops to the right 
side of the resonance structure, and which likewise is a 
consequence of the consistent treatment of the background 
and resonance part of the elementary KN amplitude in 
our calculation, becomes more pronounced and causes a 
further and rapid increase in the x 2 /dof. 



5 Summary 

We have performed a detailed and microscopic calcula- 
tion of the K °p effective mass spectrum for the charge- 
exchange reaction K + Xe K°pX. An enhancement in 
this quantity at an effective mass close to 1540 MeV, found 
by the DIANA collaboration |2] , is seen as an evidence for 
the existence of an exotic S = 1 (<9 + ) baryon resonance. 

The main ingredient of our calculation is an elementary 
KN scattering amplitude that is taken from the meson- 
exchange model developed by the Julich group The 
role and significance of the + for a quantitative descrip- 
tion of the DIANA data is investigated by employing vari- 
ants of the Julich KN model that include a <9 + (1540) res- 
onance, assuming spin 1/2. We considered positive as well 
as negative parity for the + resonance and also a range 
of values for the width of the resonance. 

Since the DIANA collaboration published results of the 
measured K°p mass spectrum prior and after kinematical 
cuts we could simulate the cuts in our calculation and, 
specifically, we could compare to the data with and with- 
out kinematical cuts in order to control the contribution 
from the direct K + n—>K°p reaction in the Xe nucleus 
and the rescattering processes. Thereby we could confirm 
that the broader structure seen in their "raw" data around 
the effective mass of 1500 MeV is indeed largely due to 
rescattering processes of the proton after the direct reac- 
tion K + n — » K°p. We could also rule out that the sharp 
structure seen around the K°p effective mass of 1539±2 
MeV is an artefact of the applied kinematical cuts. 

We found that the K + Xe—>K°pX calculations with- 
out + contribution as well as the results obtained with a 
+ width of 1 MeV are in comparably good agreement 
with the DIANA results. Any spin-1/2 resonance with 
a larger width can definitely be excluded. But we must 
say that even a very narrow structure is only marginally 
supported by the data. In light of our results, the high 
rating of the <9 + resonance in the newest version of the 
PDG tables |23 appears too optimistic. It is evident that 
more dedicated experiments, employing both strong (e.g. 
at COSY-TOF) and electromagnetic probes, are manda- 
tory to establish this exotic state. 



We would like to thank A.G. Dolgolenko for useful discussions. 
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